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A twin study of genetic and dietary influences on nephrolithia-
sis: A report from the Vietnam Era Twin (VET) Registry.
Background. Nephrolithiasis is a complex phenotype that is
influenced by both genetic and environmental factors. We con-
ducted a large twin study to examine genetic and nongenetic
factors associated with stones.
Methods. The VET Registry includes ∼7500 male-male twin
pairs born between 1939 to 1955 with both twins having served
in the military from 1965 to 1975. In 1990, a mail and telephone
health survey was sent to 11,959 VET Registry members; 8870
(74.2%) provided responses. The survey included a question
asking if the individual had ever been told of having a kidney
stone by a physician. Detailed dietary habits were elicited. In
a classic twin study analysis, we compared concordance rates
in monozygotic (MZ) and dizygotic (DZ) twins. We also con-
ducted a cotwin control study of dietary risk factors in twins
discordant for stones.
Results. Among dizygotic twins, there were 17 concordant
pairs and 162 discordant pairs for kidney stones. Among
monozygotic twins, there were 39 concordant pairs and 163
discordant pairs. The proband concordance rate in MZ twins
(32.4%) was significantly greater than the rate in DZ twins
(17.3%) (v 2 = 12.8; P < 0.001), consistent with a genetic in-
fluence. The heritability of the risk for stones was 56%. In the
multivariate analysis of twin pairs discordant for kidney stones,
we found a protective dose-response pattern of coffee drink-
ing (P = 0.03); those who drank 5 or more cups of coffee were
half as likely to develop kidney stones as those who did not
drink coffee (OR = 0.4, 95% CI 0.2, 0.9). Those who drank at
least 1 cup of milk per day were half as likely to report kidney
stones (OR = 0.5, 95% CI 0.3, 0.8). There were also marginally
significant protective effects of increasing numbers of cups of
tea per day and frequent consumption of fruits and vegetables.
Other factors such as the use of calcium supplements, alcohol
drinking, consumption of solid dairy products, and the amount
of animal protein consumed were not significantly related to
kidney stones in the multivariate model.
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Conclusion. These results confirm that nephrolithiasis is at
least in part a heritable disease. Coffee, and perhaps tea, fruits,
and vegetables were found to be protective for stone disease.
This is the first twin study of kidney stones, and represents a
new approach to elucidating the relative roles of genetic and
environmental factors associated with stone formation.
Nephrolithiasis is a complex phenotype that is influ-
enced by both genetic and environmental factors. Stone
disease has a lifetime risk of 10% to 15% in the United
States. The disorder causes acute, painful, and recurrent
episodes of renal colic that lead to costly medical visits,
procedures, and hospitalizations [1]. The cause of calcium
stone disease in the general population is unknown but
it may in part be heritable. One study demonstrated that
nearly 40% of patients in a stone clinic had a first-degree
relative with a positive history of stones [2]. More re-
cently, in the population-based Nurses Health Cohort II,
36% of those with kidney stones reported a family history
of stones [3]. Mutations in a human gene homologous to
a rat soluble adenylate cyclase are associated with famil-
ial absorptive hypercalciuria and decreased bone mineral
density [4]. An animal model, the genetic hypercalciuric
rat, is known to form calcium stones [5]. Progressive gen-
erations of these rats have successively higher levels of
calciuria, suggesting the involvement of multiple genes.
To examine the factors contributing to stone disease,
we conducted a twin study of kidney stones in the
Vietnam Era Twin (VET) Registry. The aims of this study
were to estimate the heritability of kidney stones, and
examine dietary risk and protective factors for kidney
stones.
METHODS
Sample
The Vietnam Era Twin (VET) Registry includes 7369
male-male twin pairs born between 1939 to 1955, both
twins having served in the military from 1965 to 1975 [6].
In 1990, a health survey that focused on heart, lung, and
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blood disorders was mailed to VET Registry members
who had responded to a previous health survey conducted
in 1987. Individuals who did not respond to two waves of
mailings were then telephoned in order to complete the
survey. Survey responses were provided by 8870 individu-
als, which included 3391 twin pairs in which both individ-
uals provided information regarding kidney stones. The
majority of twins were white (93.8%), while 1.9% were
black, 0.6% Asian, and 1.4% Native American. Hispanic
ethnicity was reported in 2.3% of the twin pairs. Ages in
the responding sample ranged from 34 to 50 years.
Determination of zygosity was based on information
provided in the 1987 survey. Questions included self-
reported zygosity, similarity as children, and confusion
by others as children. This method has been shown to be
95% accurate in classification of zygosity and is described
in detail elsewhere [6].
Measures
Nephrolithiasis. The main outcome of interest is a
lifetime history of nephrolithiasis. A single question was
asked of all twins as to whether they had a physician di-
agnosis of kidney stones.
Dietary items. Usual patterns of food consumption
were assessed using a brief food frequency methodology.
Twins were asked about their intake of the following spe-
cific food items: pork, hot dogs, beef and lamb, poultry
and veal, eggs, cold water fish, shell fish, other fish, dishes
made of flour and cereal, rice, potatoes, fruits and veg-
etables, ice cream, and cheese. Response categories for
these items ranged from daily to never (1 = daily; 2 = 3
to 6 times a week; 3 = 1 to 2 times a week; 4 = 1 to 3 times
a month; 5 = less than once a month; 6 = never).
Several beverages were also measured in the survey,
including the amount of daily beverage consumption for
coffee, tea, whole milk, skim and lowfat milk, and but-
termilk. Individuals were also asked whether they had
ever consumed more than 20 alcoholic beverages, and
whether they had consumed various types of alcohol
(beer, wine, hard liquor) in the past two weeks. Additional
information regarding frequency and quantity of alcohol
consumption was sought for those who endorsed alco-
hol consumption in the past two weeks. Average daily
consumption of alcohol, by type, was computed for indi-
viduals who consumed alcohol in that time period, where
one drink was considered equivalent to 0.5 ounces.
Based on the responses to individual food frequency
items, we constructed composite food intake measures
for factors that were thought to be related to kidney stone
formation, such as meat and fish, dairy, and alcohol. The
meat and fish measure was calculated as the sum of the
ordinal consumption values for pork, hot dogs, beef and
lamb, poultry and veal, eggs, cold-water fish, shellfish,
and other fish. Likewise, a solid dairy composite mea-
sure was calculated as the sum of ice cream and cheese
scores, while total milk composite was calculated as the
sum of skim, lowfat, and whole milk. These composite
measures are designed to ordinally rank individuals into
high and low consumers of the food groups thought to be
related to nephrolithiasis. Additionally, an alcohol sum-
mary variable was created, which classified alcohol use
into three groups: never drinkers, nondrinkers in the past
two weeks, and current drinkers in the past two weeks.
Dietary supplements. Twins were asked whether they
used dietary supplements on a regular basis. These items
included multivitamins, vitamin A, vitamin E, fish oil,
fiber, calcium, oat bran, and zinc. Individuals were con-
sidered routine users of a supplement if they endorsed
using a given supplement at least three times weekly.
Adjustment factors. The survey included demographic
and health measures that have been suggested as risk
factors for kidney stones. These included hypertension,
defined by a single question asking whether hypertension
or high blood pressure had ever been diagnosed by a
physician. Body mass index (BMI) was calculated using
self-reported weight and height at the time of the survey.
Smoking status was categorized as never smoker (<100
cigarettes in lifetime), former smoker (≥100 cigarettes in
lifetime, but not a current smoker), and current smoker
(endorsed currently smoking cigarettes).
The survey was approved by the Human Subjects Re-
view Committee at the Hines Department of Veterans
Affairs Medical Center in Chicago, Illinois.
Statistical analyses
To estimate the genetic and nongenetic contributions
to kidney stones, we used both a classic twin study and a
cotwin control analytic approach. In the classic twin study,
we first compared concordance rates of nephrolithiasis
in monozygotic (MZ) and dizygotic (DZ) twins. Proband
concordance rates in MZ and DZ twins were calculated.
The proband concordance rate was defined as twice the
number of pairs concordant for kidney stones divided by
the sum of twice the concordant pairs plus the number of
kidney stone discordant pairs. The proband concordance
rate gives an estimate of the prevalence of kidney stones
among twin siblings of probands. Evidence for a genetic
influence on kidney stones is provided if the MZ proband
concordance rate is greater than the DZ proband concor-
dance rate. The rationale for this inference is that MZ
twins share 100% of their genetic material, while DZ
share, on average, only 50%. We then conducted uni-
variate biometrical genetic analysis using structural equa-
tion modeling based on the twin tetrachoric correlations
[7]. This analysis assumes that kidney stones represent a
complex phenotype that is the result of the interplay of
unknown genetic and environmental factors. Under this
multifactorial liability model we obtained an estimate of
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Table 1. Twin concordance rates for a history of kidney stones in the VET Registry
Pairs Pairs
Total concordant discordant
number of for kidney for kidney Proband Tetrachoric
pairs stones stones concordancea correlation
Monozygotic 1928 39 163 32.4 0.59
Dizygotic 1463 17 162 17.3 0.31
aP < 0.001.
the proportion of phenotypic variance in liability to kid-
ney stones that is due to additive genes (a2, sometimes
referred to as heritability), common environment (c2),
and unique environment (e2). Formal statistical analysis
involves comparing the model fit using chi-square good-
ness of fit statistics. All biometrical modeling uses the Mx
software package developed for the analysis of twin and
family data [7].
In the cotwin control analysis we identified twins dis-
cordant for nephrolithiasis (one twin reported stones
while the other did not) to examine dietary and other
risk and protective factors. This analysis examines the re-
lation of each dietary factor with kidney stones. To esti-
mate the association of dietary factors with kidney stones
we used logistic regression for matched pairs to obtain
odds ratios and 95% confidence intervals. Evidence of a
dose-response of dietary risk and protective factors with
stones was examined using a test for trend in the logis-
tic regression based on ordinal categories of the dietary
measures. We refer to a result as statistically significant if
the P value is < 0.05; P values between 0.05 and 0.09 we
considered as marginally significant.
Multivariate modeling of the diet-kidney stone asso-
ciation was conducted using the composite food intake
measures for meat and fish, dairy, and alcohol, after ad-
justment for hypertension, BMI, and smoking. In our
modeling we included factors based both on prior stud-
ies, such as the consumption of dairy products and fac-
tors identified in the univariate analysis. The multivariate
analysis allows us to simultaneously adjust for multiple
risk and protective factors to assess the independent as-
sociation of each factor with kidney stones.
RESULTS
Classic twin study analysis
Among the 3391 twin pairs that responded to the
survey, there were 1928 monozygotic and 1463 dizy-
gotic pairs. The proband concordance rate in MZ twins
(32.4%) was significantly greater than the rate in DZ
twins (17.3%) (v 2 = 12.79; P < 0.001), and is consistent
with a genetic influence (Table 1). The tetrachoric cor-
relation for monozygotic twins is 0.59, and for dizygotic
twins it is 0.31. Biometrical genetic model fitting using
these correlations yields a heritability of 56%, a common
environmental effect of 3%, and a specific environmental
effect of 41%.
Cotwin control study of dietary factors
Table 2 displays the unadjusted association of kidney
stones with specific food and beverage consumption items
using twin pairs discordant for kidney stones. Rice con-
sumption was inversely associated with a history of kid-
ney stones (ptrend = 0.03). The odds ratio of stone for-
mation for twins reporting the highest level of rice intake
(3-7×/week) compared to twins reporting the lowest level
of rice consumption (never or <1×/month) was 0.6 (95%
CI 0.3–1.2). Similarly, increased intake of fruits and veg-
etables was associated with a decreased report of kidney
stones (ptrend = 0.07), although the pattern of decrease
is not monotonic with consumption. The consumption of
hot dogs was also found to be negatively associated with
kidney stones (ptrend = 0.08). There were no significant
associations of kidney stones with pork, beef and lamb,
poultry and veal, eggs, cold-water fish, shellfish, other fish,
flour and cereal dishes, potatoes, ice cream, or cheese.
Among beverages, increased coffee consumption was
significantly associated with decreased reporting of
stones (ptrend < 0.01). Heavy coffee drinkers (5+ cups/
day) were less likely to report a history of stones than
were nondrinkers (OR = 0.4, 95% CI 0.2–0.8). No sig-
nificant association was found for skim or lowfat milk,
whole milk, or tea.
Consumption of alcohol in the past two weeks was asso-
ciated with a decreased report of kidney stones compared
to no recent alcohol consumption (OR = 0.5, 95% CI 0.4–
0.8). Beer consumption was marginally significantly asso-
ciated with a decreased report of kidney stones (ptrend =
0.06); those who drank at least some beer in the prior two-
week period had decreased prevalence of stones com-
pared to those who had no beer in that period. No signifi-
cant association was found for lifetime consumption of at
least 20 alcoholic beverages, daily intake of wine or hard
liquor in the past two weeks, or alcohol intake in the past
month (number of days intake was at least five drinks per
day, and number of days intake was at least nine drinks
per day).
Among composite food and beverage measures, an
increased meat and fish score was significantly associ-
ated with a decreased report of stones (ptrend = 0.01)
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Table 2. The association of food and beverage consumption with a
history of kidney stones in twin pairs discordant for kidney stones:
Matched pair odds ratios, 95 percent confidence intervals, and tests for
trend
History of kidney
stonesa
Food and beverage OR Trend
consumption Yes % No % (95% CI) P value
Foods
Pork 0.30
Never or <1×/month 27.6 22.3 1.0
1–3×/month 44.6 46.1 0.8 (0.5,1.1)
1–2×/week 22.6 29.4 0.6 (0.4,0.9)
3–7×/week 5.3 2.2 1.7 (0.7,4.4)
Hot dogs 0.08
Never or <1×/month 40.4 38.0 1.0
1–3×/month 46.9 42.9 1.0 (0.7,1.5)
1–2×/week 11.7 17.3 0.6 (0.4,1.1)
3–7×/week 0.9 1.9 0.5 (0.1,2.0)
Beef and lamb 0.52
Never or <1×/month 6.5 7.7 1.0
1–3×/month 27.1 24.6 1.3 (0.7,2.5)
1–2×/week 41.9 47.1 1.1 (0.6,2.0)
3–7×/week 24.6 20.6 1.5 (0.7,2.9)
Poultry and veal 0.30
Never or <1×/month 12.6 8.2 1.0
1–3×/month 19.6 18.6 0.6 (0.3,1.2)
1–2×/week 42.0 50.5 0.5 (0.3,0.9)
3–7×/week 25.9 22.7 0.7 (0.4,1.3)
Eggs 0.96
Never or <1×/month 19.6 18.0 1.0
1–3×/month 32.3 31.1 0.9 (0.6,1.5)
1–2×/week 34.2 41.6 0.7 (0.4,1.2)
3–7×/week 14.0 9.3 1.4 (0.7,2.7)
Coldwater fish 0.18
Never or <1×/month 39.3 35.6 1.0
1–3×/month 39.3 39.6 0.9 (0.6,1.3)
1–2×/week 18.6 21.1 0.8 (0.5,1.2)
3–7×/week 2.8 3.7 0.6 (0.2,1.6)
Shellfish 0.22
Never or <1×/month 69.8 63.6 1.0
1–3×/month 24.0 31.5 0.7 (0.4,0.97)
1–2×/week 5.6 4.4 1.1 (0.5,2.5)
3–7×/week 0.6 0.6 1.0 (0.1,7.7)
Other fish 0.82
Never or <1×/month 51.7 52.0 1.0
1–3×/month 34.0 32.1 1.1 (0.7,1.6)
1–2×/week 13.1 14.6 0.9 (0.5,1.5)
3–7×/week 1.3 1.3 1.0 (0.2,4.1)
Flour and cereal dishes 0.12
Never or <1×/month 5.5 5.2 1.0
1–3×/month 27.4 24.0 1.1 (0.5,2.4)
1–2×/week 42.2 40.3 1.0 (0.5,2.0)
3–7×/week 24.9 30.5 0.7 (0.3,1.6)
Rice 0.03
Never or <1×/month 25.8 18.9 1.0
1–3×/month 31.8 32.4 0.6 (0.4,1.0)
1–2×/week 33.3 39.6 0.5 (0.3,0.9)
3–7×/week 9.1 9.1 0.6 (0.3,1.2)
Potatoes 0.13
Never or <1×/month 2.5 1.9 1.0
1–3×/month 12.4 13.0 0.7 (0.2,2.3)
1–2×/week 46.6 38.8 0.9 (0.3,2.6)
3–7×/week 38.5 46.3 0.6 (0.2,1.8)
Fruits and vegetables 0.07
Never or <1×/month 2.5 0.9 1.0
1–3×/month 4.3 5.9 0.2 (0.03,1.1)
1–2×/week 22.9 16.1 0.4 (0.1,1.9)
3–7×/week 70.3 77.1 0.2 (0.04,1.1)
Table 2. (continued.)
History of
kidney stonesaFood and beverage OR Trend
consumption Yes % No % (95% CI) P value
Ice cream 0.47
Never or <1×/month 25.4 25.7 1.0
1–3×/month 35.3 32.8 1.1 (0.7,1.7)
1–2×/week 28.2 27.2 1.0 (0.7,1.6)
3–7×/week 11.2 14.2 0.7 (0.4,1.3)
Cheese 0.45
Never or <1×/month 9.6 8.4 1.0
1–3×/month 16.8 23.0 0.6 (0.3,1.2)
1–2×/week 38.5 35.1 1.0 (0.6,1.8)
3–7×/week 35.1 33.5 1.0 (0.5,1.8)
Beverages
Skim/lowfat milk 0.14
0 glasses/day 55.3 48.5 1.0
1–2 glasses/day 38.5 46.0 0.7 (0.5,0.99)
3–4 glasses/day 5.3 4.4 1.0 (0.4,2.1)
5+ glasses/day 0.9 1.2 0.6 (0.1,3.0)
Whole milk 0.81
0 glasses/day 77.0 75.4 1.0
1–2 glasses/day 19.6 22.1 0.9 (0.6,1.3)
3–4 glasses/day 2.5 1.3 2.7 (0.5,13.9)
5+ glasses/day 0.9 1.3 0.8 (0.2,3.8)
Coffee <0.01
0 cups/day 27.9 21.4 1.0
1–2 cups/day 28.5 28.8 0.7 (0.4,1.1)
3–4 cups/day 22.9 22.9 0.6 (0.3,1.0)
5+ cups/day 20.7 26.9 0.4 (0.2,0.8)
Tea 0.31
0 cups/day 67.3 62.9 1.0
1–2 cups/day 23.7 26.2 0.8 (0.5,1.2)
3–4 cups/day 5.0 8.1 0.6 (0.3,1.1)
5+ cups/day 4.1 2.8 1.2 (0.4,3.2)
Alcohol
20 drinks in lifetime?b 0.20
No 8.3 10.5 1.0
Yes 91.7 89.5 0.6 (0.3,1.3)
Consumed in past < 0.01
2 weeksb,c
No 43.2 32.2 1.0
Yes 56.8 67.8 0.5 (0.4,0.8)
Beerd
0 oz/day 52.7 43.6 1.0 0.06
0.01–0.21 oz/day 26.1 31.1 0.6 (0.4,0.99)
0.22–0.99 oz/day 12.5 15.9 0.6 (0.3,0.998)
1.00+ oz/day 8.7 9.5 0.7 (0.4,1.3)
Wined –
0 oz/day 83.7 83.7 1.0
0.01–0.21 oz/day 11.7 12.9 0.9 (0.5,1.7)
0.22–0.99 oz/day 4.6 3.0 1.6 (0.6,4.6)
1.00+ oz/day 0.0 0.4 –
Hard liquord 0.10
0 oz/day 78.0 73.5 1.0
0.01–0.21 oz/day 16.3 19.7 0.7 (0.4,1.2)
0.22–0.99 oz/day 5.3 3.8 1.3 (0.5,3.4)
1.00+ oz/day 0.4 3.0 0.1 (0.02,1.0)
≥5 drinks in one daye 0.29
0 days 77.6 73.8 1.0
1–2 days 11.8 13.3 0.8 (0.4,1.4)
3–9 days 5.7 6.8 0.8 (0.4,1.6)
10+ days 4.9 6.1 0.7 (0.3,1.6)
≥9 drinks in one daye 0.68
0 days 92.1 89.8 1.0
1–2 days 3.8 5.3 0.7 (0.3,1.8)
3–9 days 1.5 3.4 0.4 (0.1,1.4)
10+ days 2.7 1.5 1.6 (0.5,5.6)
a The number of pairs included in each food item analysis ranged from 317 to
325 because of missing data.
bP values indicate significance level (not trend).
cAll analyses of specific alcohol items and number of drinks in one day
included only those individuals who had a lifetime consumption of at least 20
drinks (N = 264 pairs).
dAverage daily consumption in the two weeks prior to survey completion.
eIndicates the number of days in which the individual drank the given amount
of ANY type of alcoholic beverage in the month prior to survey completion.
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Table 3. The association of composite food and beverage measures
with a history of kidney stones in twin pairs discordant for kidney
stones: Matched pair odds ratios, 95 percent confidence intervals, and
tests for trend
History of
kidney stonesa
Composite OR Trend
measures Yes % No % (95% CI) P value
Meat and fish scoreb 0.01
35–42 25.6 18.4 1.0
32–34 28.2 27.5 0.7 (0.4,1.1)
30–31 19.3 21.6 0.6 (0.3,0.99)
13–29 26.9 32.5 0.5 (0.3,0.9)
Solid dairy scorec 0.50
8–12 27.7 34.0 1.0
7 25.6 20.6 1.6 (1.03,2.6)
6 24.6 21.5 1.5 (0.9,2.3)
2–5 22.1 24.0 1.2 (0.7,1.9)
Milk scored 0.11
0 35.1 28.5 1.0
1 37.3 41.7 0.7 (0.5,1.0)
2+ 27.6 29.8 0.7 (0.4,1.1)
Alcohol history 0.01f
Never drinker 8.6 10.9 1.0
Current nondrinkere 39.0 29.4 2.2 (1.0,4.8)
Current drinkere 52.4 59.7 1.3 (0.6,2.8)
aThe number of pairs included in each composite measure analysis ranged
from 305 to 321 because of missing data.
bThe meat and fish composite measure was calculated as the sum of the scores
(range 1–6) for pork, hot dogs, beef and lamb, poultry and veal, eggs, coldwater
fish, shellfish, and other fish. The lower numbers of the scale indicate more
consumption.
cThe solid dairy composite measure was calculated as the sum of the scores
(range 1–6) for ice cream and cheese. The lower numbers of the scale indicate
more consumption.
dThe milk composite measure was calculated as the sum of the number of
glasses of skim milk and whole milk consumed per day.
eBased on alcohol consumption in the two weeks prior to survey completion.
fBased on 2 degree of freedom v 2 test.
(Table 3). Consumers of the highest levels of meat and
fish were less likely to report a history of stones than
were those who consumed the lowest amount of meat and
fish (OR = 0.5, 95% CI 0.3–0.9). Neither the solid dairy
score nor milk score was associated with the prevalence of
stones. Examining alcohol drinking, we found that com-
pared to twins who never drank alcohol regularly, twins
who were current nondrinkers were more likely to report
kidney stones (OR = 2.2, 95% CI 1.0–4.8)
In the analysis of vitamin and supplement use, routine
users of vitamin E were more likely than nonusers to
report a history of kidney stones (OR = 2.4, 95% CI 1.0–
5.9) (Table 4). None of the other vitamins or supplements,
including multivitamins, vitamin A, fish oil, fiber, calcium,
oat bran, and zinc were related to kidney stones.
The multivariate analysis simultaneously examines the
effects of selected dietary factors after adjustment for
body mass index, hypertension, and smoking. Table 5
shows that those who drank at least one cup of milk per
day were half as likely to report kidney stones (OR = 0.5,
95% CI 0.3–0.8) (Table 5). There was also an inverse as-
sociation with drinking coffee (ptrend = 0.03). Those who
Table 4. The association of dietary supplements with a history of
kidney stones in twin pairs discordant for kidney stones: Matched pair
odds ratios and 95 percent confidence intervals
History of kidney stonesa
Supplementsb Yes % No % OR (95% CI)
Multivitamin
No 77.0 80.8 1.0
Yes 23.0 19.2 1.3 (0.9,1.9)
Vitamin A
No 94.9 97.6 1.0
Yes 5.1 2.4 2.1 (0.9,5.3)
Vitamin E
No 93.2 96.6 1.0
Yes 6.8 3.4 2.4 (1.0,5.9)
Fish oil
No 98.3 97.6 1.0
Yes 1.7 2.4 0.6 (0.1,2.5)
Fiber
No 87.7 85.4 1.0
Yes 12.3 14.6 0.8 (0.5,1.3)
Calcium
No 93.6 94.6 1.0
Yes 6.4 5.4 1.2 (0.6,2.5)
Oat bran
No 89.0 86.7 1.0
Yes 11.0 13.3 0.8 (0.5,1.3)
Zinc
No 95.3 97.7 1.0
Yes 4.7 2.4 2.4 (0.8,6.8)
aThe number of pairs included in each supplement analysis ranged from 294
to 317 because of missing data.
bDefined as use ≥3 days per week.
drank five or more cups of coffee were less likely to re-
port a history of kidney stones compared to those who
did not drink coffee (OR = 0.4, 95% CI 0.2–0.9). There
was also a marginally significant association of increased
daily consumption of tea with decreased report of kid-
ney stones (ptrend = 0.09). Drinking five or more cups
of tea per day compared to not drinking tea was associ-
ated with a decreased report of stones (OR = 0.7, 95%
CI 0.2–2.4). Compared to twins with the lowest levels of
fruit and vegetable consumption, the odds ratio for twins
with the highest level of consumption was lower (OR =
0.3, 95% CI 0.1–1.9), but was not statistically significant.
Compared to never drinkers, current nondrinkers were
more likely to report a history of kidney stones (OR = 2.7,
95% CI 1.0–7.7). Consumption of solid dairy products,
the amount of meat and fish consumed, use of calcium
supplements, and current alcohol consumption were not
significantly related to kidney stones in the multivariate
model.
DISCUSSION
This is the first twin study to demonstrate a strong her-
itable influence on nephrolithiasis in males. We found
little evidence of shared common environmental effects.
This finding is remarkably similar to the only other es-
timate of the heritability of kidney stones, derived from
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Table 5. Multifactor adjusteda odds ratios and 95 percent confidence
intervals for the association of food and beverage consumption with a
history of kidney stones in twin pairs discordant for kidney stones
Food and beverage Odds ratio 95% CI
Meat and fish score
35–42 1.0
32–34 0.7 (0.4,1.4)
30–31 0.7 (0.4,1.3)
13–29 0.6 (0.3,1.2)
Solid dairy score
8–12 1.0
7 1.9 (1.1,3.3)
6 1.1 (0.6,1.9)
2–5 1.1 (0.6,1.9)
Milk scoreb
0 1.0
1 0.5 (0.3,0.8)
2+ 0.5 (0.3,0.9)
Fruits and vegetables
Never or <1×/month 1.0
1–3×/month 0.2 (0.0,1.6)
1–2×/week 0.5 (0.1,3.1)
3–7×/week 0.3 (0.1,1.9)
Alcohol history
Never drinker 1.0
Nondrinker in past 2 weeks 2.7 (1.0,7.7)
Current drinker in past 2 weeks 1.6 (0.6,4.4)
Coffeeb
0 cups/day 1.0
1–2 cups/day 0.7 (0.4,1.3)
3–4 cups/day 0.6 (0.3,1.3)
5+ cups/day 0.4 (0.2,0.9)
Tea
0 cups/day 1.0
1–2 cups/day 0.7 (0.4,1.1)
3–4 cups/day 0.4 (0.1,0.97)
5+ cups/day 0.7 (0.2,2.4)
Calcium supplements
No 1.0
Yes 0.9 (0.4,2.3)
aAdjusted for body mass index, hypertension, and smoking; N = 251 pairs
with complete information on all covariates.
bptrend < 0.05.
a sample of French-Canadian families [8]. In the cotwin
control analysis, we identified several dietary risk factors
for kidney stones, including a protective effect for both
milk and coffee consumption. The cotwin design, examin-
ing differences in pairs with and without stones, provides
a strong control for genetic and early environmental risk
factors. The genetic basis of nephrolithiasis is well char-
acterized for several relatively uncommon diseases. For
example, cystinuria, an autosomal-recessive disorder, is
caused by a mutation in a proximal tubular cystine trans-
porter [9]. Mutations in a gene coding for tubular uric
acid reabsorption are associated with some cases of uric
acid stones [10]. Dents disease includes nephrolithiasis
among its manifestations, and is caused by a defective
chloride channel [11]. Severe calcium oxalate stone for-
mation is the result of primary hyperoxaluria [12]. These
and other relatively rare disorders do not account for the
majority of stone formers, most of whom form calcium
stones most often associated with hypercalciuria [13]. Our
study did not collect data on stone composition, but most
stones in the adult male veteran population are composed
predominantly of calcium oxalate, in both monohydrate
and dihydrate crystalline forms, with a smaller propor-
tion containing varying proportions of apatite [14]. We
think it is reasonable to believe that the stones reported
here also predominantly consist of calcium salts, and that
hypercalciuria is also a common cause of stones in this
population.
Estimates of lifetime risk for nephrolithiasis in the
United States range from 10% to 15% [15]. The evi-
dence that calcium stones in the general population have
a hereditable component is limited. Between 25% and
40% of patients with stones have a positive family his-
tory of kidney stones [2, 16]. Kindreds with hypercalci-
uria have been well characterized [17, 18], and hypercalci-
uria is thus far the only urinary phenotype that accounts
for the familial aggregation of stone formation [8, 19].
In the Health Professionals Follow-up Study, men with a
positive family history of stones were three times more
likely to have stones than men without a family history
of stones [16]. The risk associated with a positive family
history persisted after adjustment for dietary calcium in-
take and urinary chemistries. However, such intrafamily
associations could still be due to similar dietary intakes or
other exposures within households. In another study, the
potential role of diet as a confounding factor in assessing
family history was made clear when urinary calcium ex-
cretion was higher in the spouses of stone formers than
in the spouses of non-stone formers [20].
Despite suggestive data favoring a heritable compo-
nent of stone disease in the general population, the
genetic basis for calcium stones in general, and for hy-
percalciuria specifically, remains unknown. A gene first
identified by linkage analysis of families with absorptive
hypercalciuria, coding for a protein homologous to a rat
soluble adenylate cyclase, has been found to be mutated
with increased frequency in unrelated patients with ab-
sorptive hypercalciuria [4, 21]. Other candidate genes for
hypercalciuria, coding for proteins such as the calcium
sensing receptor [22], the chloride channel affected in
Dents disease [23], the enzyme 1 alpha-hydroxylase [24],
and inhibitors of crystallization [25] have been examined
in hypercalciuric populations, and do not appear to ac-
count for heritable human calcium stone disease. One
study has shown linkage of calcium nephrolithiasis and
hypercalciuria to the locus of the vitamin D receptor in
47 French-Canadian pedigrees [26].
There is a wealth of data suggesting that diet plays
an important role in stone formation [27, 28]. However,
some of the associations of specific dietary components
with kidney stones are inconsistent. For coffee drinking,
we observed a protective effect for kidney stones that
is similar to what has been found in several large cohort
studies [29, 30]. The mechanism of this protective effect is
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uncertain. Although caffeine appears to acutely increase
urinary calcium excretion [31], its effect to increase urine
flow may predominate over its calciuric effect. In any case,
coffee has been consistently associated with a decreased
incidence of stone formation.
We also observed protective effects among twins who
drank milk regularly. Although higher solid dairy intake
was not also associated with a similar protective effect,
the effect of milk is consistent with the preponderance
of data showing that increased dairy intake is associated
with less, not more, stone disease [27, 32, 33]. Calcium
supplements, associated with an increased risk for stones
in one study [33], were not significantly associated with
stones in our multivariate analysis.
An interesting finding in the univariate analysis is the
inverse association of rice consumption with stone dis-
ease. One possible cause for this association is the abil-
ity of phytate (myo-inositol hexaphosphate), the stor-
age form for phosphorus in whole grains such as rice
and wheat, to inhibit crystallization of calcium salts [34].
Phytate intake has been inversely associated with stone
formation in diverse populations [3, 35]. Other poten-
tial sources of phytate such as cereal dishes and oat bran
were not associated with the same salutary effect as rice
in this study. Whether the effect of rice we observed is
attributable to its phytate content cannot be determined.
While in the unadjusted analysis we observed a protec-
tive effect of animal and fish protein on stones, this effect
was no longer significant in the multivariate analysis. In-
creased animal protein intake has been suggested to be
an important potential contributor to risk for stones in
both epidemiologic analyses [27] and experimental ma-
nipulations in humans [36]. However, the experimental
data are mixed [37], and no randomized controlled trial
of protein restriction alone has demonstrated a reduction
of stone incidence [38].
In our analysis, alcohol consumption was protective,
and there was an increased prevalence of stones among
current nondrinkers. Previous studies have also demon-
strated protective effects for wine and beer [30, 39, 40].
While the current investigation is the largest twin study
of kidney stones ever conducted, there are several po-
tential limitations to the investigation. One limitation
relates to the measurement of kidney stones and diet.
Kidney stones are based on a single self-reported sur-
vey item; our study had no methodology to validate this
self-report. However, for individuals reporting a positive
history of having had a stone, it is unlikely to be misclas-
sified because of the dramatic nature of most clinically
manifested stone disease. The ability of patients to ac-
curately self-report stones has previously been demon-
strated [33]. Less easily documented is the true lack of
stones in patients reporting no history of stones because
renal stones may remain asymptomatic for years. The de-
tection of such subclinical disease would require radio-
logic imaging of the twin pairs, which was not possible
with the VET Registry twins. However, it is unlikely that
the rate of false negatives was higher in the DZ twins
than in the MZ twins. We identified more than 300 twin
pairs who were discordant for kidney stones to be used
in the cotwin control analysis of dietary factors. While
this is a sizable sample, it still might not have been large
enough to detect small differences for several of the di-
etary measures, especially the use of supplements, which
was relatively infrequent in this early 1990s cohort. We
are also aware that we surveyed these twin pairs only
once, and do not know at what age they first experienced
stones. It is possible that with time some discordant pairs
would become concordant; we would very much like to
resurvey them to see if the higher rates of concordance
among monozygotic twins persisted with time.
The measurement of diet is also of concern. The food
frequency questionnaire used in the VET Registry survey
was brief and dates from the late 1980s. This instrument
lacks many of the refinements that have occurred in di-
etary measurement in nutritional epidemiology that have
taken place in the past decade [41]. Many of the dietary
consumption measures are crude, and the measures can-
not be used to assess micronutrients or even obtain total
caloric intake. However, several of the food items, par-
ticularly those relating to beverage consumption and the
use of supplements, are similar to items used in contem-
porary food frequency questionnaires [28, 41, 42].
The assessment of zygosity was based on self-report
and may be subject to misclassification. The method we
used is similar to that used by most other population-
based twin studies, and has repeatedly been shown to
correlate highly with DNA testing [43]. For the classic
twin study analysis, the genetic effects might be overes-
timates if there is a violation of the equal environment
assumption. In this situation, the observed increased MZ
correlation that we ascribe to genetic factors may be due
to differences in environment where MZ pairs share more
similar environments than DZ pairs. This has been as-
sessed in the VET Registry for psychiatric disorders, and
it did not seem to be the cause of the elevated MZ correla-
tions [43]. For the cotwin control analysis, the reporting of
dietary information was concurrent with ascertainment
of the history of stone disease. It is therefore possible
that dietary manipulations prescribed by treating physi-
cians occurred after the diagnosis of nephrolithiasis and
altered the patients’ diet. Prescription of a low-calcium
diet, in particular, might have been a relatively common
response to the occurrence of a stone at the time that the
questionnaire was administered [44]. The prescription of
lower dairy intake for patients with stones could be the
cause of bias contributing to the finding that higher milk
intake was associated with fewer stones. While we cannot
rule this out, we are skeptical that the twins’ adherence
to and reporting of this diet would have been rigorous.
1060 Goldfarb et al: Twin study of nephrolithiasis
CONCLUSION
We have presented strong evidence that heredity is an
important contributor to the prevalence of nephrolithia-
sis in adult males. We also confirm the protective effects
of coffee and milk on stone prevalence even after ad-
justment for genetic and environmental factors. Future
twin studies of kidney stones should involve clinical as-
sessment and rigorous diagnostic testing to uncover the
genetic and nongenetic factors involved in the etiology of
stone formation.
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